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Abstract
Stromal-vascular (S-V) cells from rat inguinal fat depots were isolated and cultured in medium containing fetal bovine
serum (FBS) and differentiated in defined medium until lipid accumulation was apparent. C/EBPK, L and N levels were
evaluated for different growth conditions and at different times using Western blots. Immediately after isolation C/EBPK, L
and N could not be detected in S-V cells. After seeding for 24 h in Dulbecco’s modified Eagle’s medium (DMEM) with FBS,
C/EBPK, L and N could all be detected. Cells at day 1 of culture in insulin, transferrin, triiodothyronine and selenium (ITTS)
had increased levels of C/EBPK and continued steady high levels to day 6 of culture. Cultures grown in DMEM alone, with
no ITTS, showed C/EBPK levels similar to ITTS cultures at day 1 and day 3; however, levels diminished after day 3. DMEM
cultures also showed lipid accumulation at day 6; however, the number of cells and the amount of lipid cell were reduced
from levels observed in ITTS cultures. C/EBPL was expressed uniformly throughout the culture period in either DMEM or
ITTS cultures while C/EBPN expression was higher with DMEM treatment than with ITTS. Treatment of 2 day DMEM
cultures with FBS increased levels of C/EBPL and N but significantly reduced levels of C/EBPK. Immunocytochemical
analysis of S-V cells at day 1 of culture showed a similar percentage of cells stained in DMEM cultures and ITTS cultures.
However, by day 6 of culture the percentage of cells staining positively for C/EBPK in DMEM had been reduced by one half
while in ITTS the percent positive cells remained about the same. Our results indicate that ITTS is not necessary for the
induction of C/EBPK and accumulation of lipid in S-V cells. However, ITTS is responsible for maintaining C/EBPK and
enhanced lipid accumulation. Because C/EBPK, L and N expression occurs very early in cell culture and C/EBPK and N
expression continues to increase in DMEM without any apparent inducing agents, our results suggest that these factors may
be expressed by the same cells in vivo before being placed in culture. Thus, a large fraction of S-V cells may be further along
in the differentiation program than 3T3 cells are when they begin differentiation. ß 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction
Di¡erentiation of the adipocyte is regulated by
hormonal and nutritional stimuli. During di¡erentia-
tion preadipocytes undergo changes in morphology
and gene expression which is regulated by transcrip-
tion factors. This includes the C/EBP family of tran-
scription factors, C/EBPK, L and N, which have been
shown to be important in the adipocyte di¡erentia-
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tion program [1,2]. C/EBPK is known to bind to the
promoter region of several adipocyte-speci¢c genes
including aP2, SCD1, GLUT4, and leptin [3^7].
Overexpression of C/EBPK causes the adipocyte dif-
ferentiation in 3T3-L1 cells and in several mouse
¢broblastic cell lines [8^10] while antisense expres-
sion of C/EBPK blocks triglyceride accumulation
and adipocyte di¡erentiation [10,11]. Most dramatic,
however, is the ¢nding that C/EBPK knockout mice
are unable to accumulate fat in either white or brown
adipose tissue and die shortly after birth due to hy-
poglycemia [12]. C/EBPK produces two major iso-
forms, p42C=EBPK and p30C=EBPK, by alternate
translational start sites yielding di¡erent transacti-
vation N-terminal domains [13,14] such that
p42C=EBPK has antimitotic activity and p30C=EBPK
does not [13].
C/EBPL is expressed in several tissues including
fat, lung, kidney, liver, intestine, a hematopoietic
cell line and an osteoblastic cell line [2,15,16]. It
has been shown that C/EBPL is induced by methyl-
isobutylxanthine (MIX) stimulation, in con£uent
3T3-L1 preadipocytes during di¡erentiation and its
expression is diminished after the withdrawal of MIX
which is before induction of C/EBPK [1,2]. Overex-
pression of C/EBPL is capable of promoting adipo-
genesis in 3T3-L1 cells in the presence of C/EBPK
and in NIH-3T3 in the absence of C/EBPK [1]. It
has also been reported that conditional ectopic ex-
pression of C/EBPL can transactivate PPARQ2 ex-
pression and promote adipocyte di¡erentiation in
NIH-3T3 cells [17]. The C/EBPN gene has been found
in various tissues and is often expressed with C/
EBPL. It is induced early in 3T3-L1 cell di¡erentia-
tion in response to dexamethasone (DEX) and its
expression decreases after the removal of DEX [1].
Retroviral expression of C/EBPN in 3T3-L1 cells pro-
motes the adipogenic program. However, it is much
less potent than C/EBPK or C/EBPL [1]. The di¡er-
ences in adipogenesis of C/EBP isoforms may be due
to the di¡erential transactivation of target promoters
via homo- or hetero-dimerization of the C/EBP fam-
ily members.
A great body of evidence indicates the importance
of the C/EBP family of transcription factors in adi-
pocyte di¡erentiation programs. However, it is not
known how these factors are induced or activated to
bring about di¡erentiation. To ascertain more accu-
rately the role of hormones involved in di¡erentia-
tion we have investigated C/EBPK, L and N expres-
sion in rat stromal-vascular (S-V) cells. Rat S-V cells
are quite di¡erent from 3T3-L1 cells. After plating in
10% fetal calf serum for 24 h they are di¡erentiated
in de¢ned medium containing only insulin, selenium,
transferrin and triiodothyronine (T3). These cells re-
quire no DEX or MIX for di¡erentiation and there-
fore represent a less complex model with which to
work. Our results indicate that S-V cells do not need
ITTS for the induction of C/EBPK and adipocyte
di¡erentiation. ITTS may only be needed to maintain
levels of C/EBPK expression and promote lipid ¢lling
of adipocytes over the time course of culture in de-
¢ned medium.
2. Materials and methods
2.1. Animal, tissue and cell culture
Male Sprague-Dawley rats weighing 128^156 g
were used. Rats were maintained under standard
housing conditions with free access to water and
food. The rats were killed by sodium pentobarbital
(50 mg/kg) analgesia and inguinal fat pads were ex-
cised. The adipose tissue was immediately stored at
380‡C until used for protein isolation. Stromal-vas-
cular cells and £oating adipocytes were isolated as
previously described [18]. Brie£y, excised fat pads
were minced and digested with collagenase (0.1 M
HEPES, 3.2 mg/ml collagenase) for 2 h in a 37‡C
shaking water bath. After ¢ltration of digested adi-
pose tissue, ¢ltered cells were centrifuged at 600Ug
for 10 min to collect the S-V cell fraction and £oat-
ing fat cell fraction. S-V cells were plated in 35 mm
culture dishes in a Dulbecco’s modi¢ed Eagle’s me-
dium: F12 Ham’s (DMEM) with 10% fetal calf se-
rum at a density of 105 cells/dish. After 24 h incuba-
tion in this medium, cells were washed with DMEM
two times and incubated in either DMEM or
DMEM with ITTS (insulin, 850 nM; triiodothyrox-
ine, 2 nM; transferrin, 5 Wg/ml; and selenium, 5 ng/
ml) for up to 6 days. The medium was changed at
3 day intervals. Twenty-four hours after seeding was
referred to as day 0. At day 3, cells in DMEM or
DMEM+ITTS were supplemented with 10% FBS for
24 h.
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2.2. Immunohistochemical assay
Cells were rinsed twice in phosphate-bu¡ered sal-
ine (PBS) and ¢xed with 4% paraformaldehyde in
PBS (pH 7.2) for 15 min. S-V cells were rinsed twice
in PBS and incubated in 0.3% H2O2 in PBS for 30
min. Cells were then washed with PBS and incubated
with 4% normal goat serum in PBST (PBS, 0.3%
Triton X-100) for 1 h at room temperature. Cells
were then blocked with avidin/biotin solution to
eliminate binding to endogenous biotin (Vector).
Cells were rinsed again in PBST and incubated
with C/EBPK antiserum diluted 1/1000 for l h at
room temperature. Cells were rinsed with PBST
and reacted with biotinylated anti-rabbit IgG antise-
rum (1/2000 dilution) in PBST (Vector, ABC Kit) for
1 h at room temperature. Cells were washed with
PBST and incubated in avidin and biotinylated
horseradish peroxidase (1/50 dilution in PBST) com-
plex for 1 h at room temperature, and then washed
with PBST and rinsed once in PBS. Cells were ex-
posed to 3,3P-diaminobenzidine (DAB) for the devel-
opment of chromogen, washed with water, air-dried
and mounted with 60% glycerol.
2.3. Protein isolation and Western blot
Total proteins were isolated, from the inguinal fat
pads and cells at appropriate time points, as previ-
ously described [19]. Frozen fat tissue and cells in
culture were lysed in 60 mM Tris-HCl (pH 6.8),
1% SDS and 0.5 mM phenylmethylsulfonyl £uoride
(PMSF) and sonicated for 1 min. The lysates were
centrifuged at 12 000Ug for 3 min and proteins in
supernatants were quanti¢ed by the Bradford meth-
od. To ensure equal loading of protein, an equal
amount of proteins from each sample (Bradford
method) was loaded on SDS-PAGE and quantities
were con¢rmed by staining the gel with Coomassie
blue before Western analysis. Proteins (20 Wg) from
each sample were mixed with Laemmli bu¡er and
boiled for 5 min before electrophoresis on 10%
SDS-PAGE. Proteins were then transferred to nitro-
cellulose membranes and the membranes were
blocked with 5% non-fat dry milk in TBST contain-
ing 10 mM Tris-HCl, pH 8.0, 165 mM NaCl, 0.05%
Tween 20 (Sigma). Membranes were probed with
anti-C/EBP antibodies in blocking bu¡er for 1 h,
washed with TBST and reacted for 1 h with a 1/
5000 dilution of anti-rabbit IgG antibody labeled
with horseradish peroxidase (Amersham). After
washing, the blots were developed with an enhanced
chemiluminescence system (ECL, Amersham) and
visualized by autoradiography.
3. Results
3.1. C/EBPK, L and N expression in rat S-V cells
during culture in de¢ned medium
To observe early changes in transcription factors
during di¡erentiation, stromal-vascular cells from rat
inguinal fat pads were cultured in medium containing
10% fetal calf serum (FBS) for 24 h and then main-
tained in medium containing either DMEM alone or
DMEM supplemented with ITTS for 3 additional
days. Days are counted as days of culture in de¢ned
medium. Total protein was isolated and subjected to
Western blot analysis as shown in Fig. 1A,B. S-V
cells cultured in 10% FBS for 24 h expressed both
isoforms of C/EBPL (lip and lap) and low but detect-
able level of C/EBPK and N, (Fig. 1A,B lane 1). Cells
cultured in DMEM for 1 and 3 days appear to have
fully induced levels of C/EBPK (Fig. 1A, lanes 2 and
3) as did cultures supplemented with ITTS at days 1
and 3 (lanes 4 and 5). The levels of C/EBPK induc-
tion are very similar for both the DMEM treatment
and the ITTS treatment. C/EBPL expression in cul-
tures maintained with DMEM alone or with ITTS
supplementation had similar C/EBPL levels at days 1
and 3 with little di¡erence between treatments (lanes
2, 3, 4 and 5). Levels of C/EBPN at day 1 and day 3
are elevated in the DMEM cultures showing both
p36C=EBPN and p32C=EBPN isoforms; however, ITTS
cultures showed reduced levels of the p36C=EBPN iso-
form while maintaining levels of the p32C=EBPN iso-
form (Fig. 1A, lanes 2^5).
C/EBPK, L and N in cells treated with dexametha-
sone for 24 h during day 1 of culture are shown in
Fig. 1A, lane 6 (DMEM) or lane 7 (ITTS). C/EBPK
showed somewhat reduced expression in DMEM
plus DEX from levels observed at day 1 for
DMEM (lane 2) alone. A greater reduction was ob-
served when DEX was added to ITTS supplemented
medium. Dexamethasone treatment increased the ex-
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pression of C/EBPL in both DMEM and ITTS cul-
tures. Treatment with dexamethasone had little e¡ect
on the expression of C/EBPN except the p36C=EBPN
isoform was restored when DEX was added to
ITTS cultures compared to ITTS cultures without
DEX (lane 4).
The high levels of C/EBPK expression at days 1
and 3 in cultures grown in DMEM were unexpected.
Therefore we ask whether these levels would remain
high for longer periods. Fig. 1B shows C/EBPK, L
and N levels in cultures after 3, 4 and 6 days treat-
ment with DMEM or ITTS. Cells maintained with
ITTS showed high levels of C/EBPK of almost equal
magnitude at days 3, 4, and 6 (lanes 3, 5, and 7).
DMEM treated cells also showed high levels of C/
EBPK on day 3 of di¡erentiation (lane 2); however,
this level of expression decreased by day 4 and re-
mained lower at day 6 (lanes 4 and 6). By day 8 C/
EBPK could not be detected (data not shown). Thus,
after day 3 C/EBPK levels declined in cultures main-
tained in DMEM. In all cases for either DMEM or
ITTS treatment both the p42C=EBPK and p30C=EBPK
isomers were observed with the p30C=EBPK isomer
being equal or slightly more abundant than the
p42C=EBPK. C/EBPL expression continued and re-
mained reasonably constant in its expression over
the full 6 days of culture for both DMEM and
ITTS treatments (Fig. 1B). Levels of C/EBPN re-
mained high and constant late into the di¡erentiation
process at days 4 and 6 (Fig. 1B, lanes 4 and 6).
ITTS cultures had lower C/EBPN than DMEM cul-
tures at all times (lanes 3, 5, 7) and the larger isoform
at p36C=EBPN was almost completely missing in ITTS
cultures. Thus in contrast to the expression of C/
EBPK, C/EBPN was higher in cells treated with
DMEM than those treated with ITTS.
Because C/EBPK, L and N can be detected after the
¢rst 24 h of culture and are fully induced after 1 day
of culture in either DMEM or ITTS, we ask whether
FBS, used for the ¢rst 24 h of culture, could play a
role in the early induction of these transcription fac-
tors. To determine whether C/EBPK, L and N could
be induced by FBS, cells that had been treated with
DMEM for 2 days were exposed to 10% FBS for 24
h and samples were taken on day 3 (Fig. 1B, lane 8).
Levels of C/EBPK were found to be lower in these
cells when compared to day 3 of DMEM alone (lane
2). Thus, induced levels of C/EBPK seen at day 3 are
probably not the result of FBS treatment. FBS treat-
ment resulted in a small increase in the expression of
C/EBPL, particularly in p20C=EBPL when compared to
the absence of FBS (lane 8 vs. lane 2). C/EBPN ex-
pression was strongly enhanced in the presence of
FBS (lane 8) compared to the control (lane 2).
Fig. 1. Expression of C/EBPK, L and N (panels K, L and N) dur-
ing rat S-V cell culture. All cells were seeded and cultured in
DMEM with 10% FBS for 24 h (lane 1 all panels) before me-
dium changes or treatments. (A) Cells cultured in DMEM
alone at day 1 (lane 2) and day 3 (lane 3). Cells cultured in
DMEM with ITTS at day 1 (lane 4) and day 3 (lane 5). Dexa-
methasone treatment in either DMEM (lane 6) or ITTS (lane
7) for 24 h after incubation with 10% FBS for 24 h. Total pro-
tein (20 Wg) was subjected to Western blot analysis. (B) Cells
cultured in DMEM alone at day 3, 4 and 6 (lane 2, 4 and 6 re-
spectively). Cells cultured in DMEM with ITTS at day 3, 4 and
6 (lane 3, 5 and 7 respectively). Lane 8, cells cultured in
DMEM for 2 days given 10% FBS for 24 h on day 3. Experi-
ments were repeated 3 times independently.
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3.2. Expression of C/EBPs in S-V cells before seeding
C/EBPK, L and N are present after the ¢rst 24 h of
culture and appear fully induced by day 1 in de¢ned
medium. We ask whether this rapid induction of ex-
pression represents new expression resulting from
di¡erentiation or the recovery of expression that ex-
isted previously in vivo. The treatment for the sepa-
ration and isolation of S-V cells from fat cells takes
about 4 h and involves a 2 h digestion with collage-
nase. During such treatment proteins can be de-
graded and protein pro¢les change. We therefore de-
termined C/EBPK, L and N levels in S-V cells after
separation from fat cells and just before seeding and
compared these to samples of cells after 24 h of cul-
ture in FBS. These samples were also compared to
levels of C/EBPK, L and N found in intact fat tissues
and fat cells after the separation process. These data
are summarized in Fig. 2. Tissue samples all showed
low or undetectable levels of C/EBPK, L and N com-
pared to culture samples or separated cells because
tissue samples contained a great deal of connective
protein. Thus, when samples were equalized for pro-
tein, cellular proteins were underrepresented in tissue
samples giving low readings.
C/EBPK was detected in intact adipose tissue and
in collagenase separated S-V cells after 24 h of cul-
ture in FBS as both p30C=EBPK and p42C=EBPK (Fig.
2); however, the S-V cell fraction after separation
and before culturing showed no C/EBPK. The sepa-
rated fat cell fraction was found to have a high level
of p30C=EBPK but the p42C=EBPK isoform was absent.
Similar tests were done for C/EBPL and N to deter-
mine the e¡ect of separation on these factors. The C/
EBPL level in S-V cells after 24 h of culture in FBS
(Fig. 2) is considerably greater than in S-V cells im-
mediately after the separation treatment. Intact fat
tissue showed relatively low levels of C/EBPL and
separated fat cells showed only a 38 kDa isoform
of C/EBPL. Since C/EBPL is present in intact tissue
but largely absent from both S-V and fat cell frac-
tions after separation, it is likely that the separation
procedure is reducing levels of C/EBPL. C/EBPN was
found only after 24 of culture in FBS. It was not
observed in tissue probably because equal amounts
of protein were loaded which e¡ectively reduces the
cellular protein component of intact tissues.
Although our results indicate that collagenase sep-
aration alters levels and pro¢les of C/EBPK and L
from those found in tissues, we do not know whether
fat cells, S-V cells or both are being a¡ected. Two
questions remain concerning S-V cells. First, are S-V
cells expressing C/EBPK, L and N in vivo before sep-
aration? Second, if these factors are expressed, can
collagenase treatment reduce levels of these factors to
levels found after treatment? To see whether stromal-
vascular cells could be a¡ected by the separation
procedure with collagenase, we cultured S-V cells in
Fig. 2. The e¡ect of treatment for the separation of S-V and
fat cell fractions on the expression of C/EBPK, L and N. Sepa-
rated S-V cells after 24 h of culture in DMEM with FBS
(SV24) are compared to the S-V cell fraction immediately after
isolation (SV0), the fat cell fraction immediately after isolation
(FF) and adipose tissue (AT) which had not been treated.
These experiments were repeated 4 times independently with the
same results.
Fig. 3. The e¡ect of collagenase treatment on S-V cells in cul-
ture. S-V cells at 2 days of culture were treated with collage-
nase for 2 h. C/EBPK, L and N levels in treated cells (T) were
compared with untreated controls (C). These experiments were
repeated 2 times independently with the same result.
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FBS for 24 h followed by DMEM through day 1.
Cultures were then treated with collagenase using the
same procedure used for tissues without further sep-
aration procedures. Fig. 3 shows almost complete
loss of both isoforms of C/EBPK. Levels of C/
EBPL and N after collagenase treatment were also
reduced (Fig. 3) from levels in 1 day control culture.
Thus, C/EBPK can be reduced or changed in both fat
cells and S-V cells as a result of collagenase treat-
ment and separation.
Fig. 4. Morphological di¡erentiation and immunostaining of C/EBPK in rat S-V cells. Cells were cultured in 10% FBS for 24 h and
then maintained for an additional 6 days in medium containing either DMEM alone (A,C) or ITTS supplementation (B,D). S-V cells
at day 6 in culture were stained for lipid droplet accumulation with oil red O (A,B at 400U). Immunostaining of C/EBPK (C,D at
160U).
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3.3. Distribution of C/EBPK expression in S-V cells
To determine whether di¡erences in C/EBPK ex-
pression and lipid ¢lling exist between cells in culture
we prepared immunohistochemical and oil red O
stained samples from cells after 6 days of culture in
DMEM (Fig. 4A,C) or ITTS (Fig. 4B,D). Oil red O
staining of DMEM cultures at 6 days showed limited
lipid ¢lling (Fig. 4A) while cells in ITTS cultures
showed much greater lipid ¢lling (Fig. 4B). Lipid
¢lling as detected by oil red O could not be observed
before day 4 of di¡erentiation. C/EBPK staining in
DMEM cultures showed di¡erentially stained nuclei
in about 31% of the population (Fig. 4C). It can also
be observed that many cells with darkly stained nu-
clei show morphological changes and some lipid ¢ll-
ing while others retain a ¢broblast like morphology.
ITTS cultures also showed di¡erential staining for C/
EBPK (Fig. 4D). Cells positive for C/EBPK in ITTS
cultures accounted for about 67% of the total cells by
day 6 which is about double the number of cells that
were found to be positive in DMEM cultures. In all
cases, cells that were positive for C/EBPK also
showed lipid ¢lling. Table 1 summarizes the data
for lipid ¢lling and di¡erential C/EBPK staining
and compares this to counts made on day 1. At
day 1 about 70% of the cells cultured in DMEM
or ITTS showed C/EBPK staining. By day 6
DMEM cultures had been reduced to 31% while
ITTS cultures maintained about the same percentage
of cells as on day 1. Thus, ITTS seems to be impor-
tant for maintaining the di¡erentiated state.
4. Discussion
S-V cells in culture di¡erentiate from ¢broblast-
like cells and begin to ¢ll with lipid after about
4 days of culture in de¢ned medium (DMEM) sup-
plemented with ITTS. Since ITTS treatment pro-
motes di¡erentiation this treatment may induce tran-
scription factors such as C/EBPK, L and N which are
important in the di¡erentiation process. The purpose
of our experiments was to observe the expression of
C/EBPK, L and N in S-V cells during this di¡erentia-
tion process. The most striking result of our work is
that C/EBPK, L and N expression was found to in-
crease together from undetectable levels in freshly
isolated S-V cells to measurable levels during the ¢rst
24 h of culture. C/EBPL reached maximal expression
in the ¢rst 24 h while C/EBPK and N continued to
increase and reached maximal expression after 1 day
in de¢ned medium. Moreover, C/EBPK, L and N ex-
pressed at day 1 in DMEM cultures without supple-
mentation showed levels of protein that were the
same or greater than those of the ITTS supplemented
cultures and the number of cells expressing C/EBPK
at day 1 was the same in both media. Two conclu-
sions follow from this result. First, since C/EBPK is
necessary and su⁄cient for adipose cell di¡erentia-
tion the early expression of C/EBPK indicates that S-
V cells that will become fat cells have committed to
fat cell development in the ¢rst 24 h of culture. Sec-
ond, the continued increase in expression of C/EBPK
and N in DMEM alone without ITTS and the ulti-
mate appearance of lipid in cells of these cultures
indicate that ITTS is not required for fat cell devel-
opment.
The question is: how does the C/EBP family, par-
ticularly C/EBPK, become expressed in DMEM cul-
tures that contain no inducers such as insulin or T3 ?
One answer could be that the FBS used to culture
the cells for the ¢rst 24 h might initiate expression.
We found, however, that while 24 h of FBS treat-
ment of cells cultured for 2 days in DMEM increased
C/EBPL and N levels it reduced the expression of C/
EBPK. Thus it is not likely that FBS can act to in-
duce C/EBPK which is the prime factor in cell di¡er-
Table 1
The percentage of cells positive for C/EBPK at days 1 and 6
and for oil red O at day 6
DMEM ITTS
C/EBPK (day 1) 72.8 þ 1.6 68 þ 2
C/EBPK (day 6) 31.4 þ 1.8 67 þ 1.7
Oil red O (day 6) 33.3 þ 2.3 76 þ 1.6
The percentage of C/EBPK and oil red O positive cells at day 6
of culture. Rat S-V cells were seeded in serum FBS supple-
mented medium for 24 h and then shifted to either DMEM
alone or DMEM with ITTS medium. At day 6 cultures were
stained with C/EBPK antibody using the avidin/biotin conju-
gated horseradish peroxidase system (Vector, ABC kit). Cells at
day 6 were also stained for lipid droplets with oil red O. C/
EBPK and oil red O positive cells were counted in ten (160U)
¢elds from two 35 mm dishes from each of two separate experi-
ments.
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entiation. It is more likely to repress it. A second
possibility is that S-V cells produce autocrine or
paracrine factors such as IGF-1 that cause the induc-
tion C/EBPK and di¡erentiation. However, these
same factors should be produced in vivo which
would presumably induce C/EBPK in S-V cells in
tissues.
Another explanation for the rapid induction of C/
EBPK and N in DMEM culture with no inducing
factors is that S-V cells were expressing C/EBPK in
vivo before they were separated and they simply re-
covered after the isolation procedure to their pre-
vious levels of expression. S-V cells immediately after
separation with collagenase treatment were found to
have undetectable levels of C/EBPK, L and N. Our
concern, however, was that treatment of fat tissue
with collagenase to separate S-V from fat cells could
a¡ect the level and pro¢le of C/EBP proteins. Our
comparison of intact fat tissue with S-V and fat cell
fractions after separation showed no p42C=EBPK re-
maining in either fraction and altered levels of
p30C=EBPK in the fat fraction (Fig. 2). Similar results
were found for C/EBPL. Thus, collagenase and cell
separation treatment can reduce and change C/EBPK
and L levels from those found in intact tissue. Fur-
ther tests with S-V cells indicated that C/EBPK, L
and N found in S-V cells at day 3 could be signi¢-
cantly reduced or eliminated by collagenase treat-
ment alone (Fig. 3). Together these data indicate
that if S-V cells expressed C/EBPK, L and N in vivo
these levels would be depleted by collagenase separa-
tion treatment and would explain the absence of
these factors in freshly isolated S-V cells. Unfortu-
nately we cannot tell whether the level of C/EBPK
that is found in intact tissues is found in the S-V
fraction, the fat cell fraction, or both, and separating
the cells for test destroys the evidence. However,
considering the fact that C/EBPK, L and N are ex-
pressed very early (after the ¢rst 24 h of culture) and
the fact that these factors are expressed in DMEM
without inducers it is reasonable that S-V cells are
simply reestablishing an expression pro¢le for C/
EBPK, L and N found in vivo before cell separation.
If this is the case then perhaps as much as 70% of
S-V cells in vivo have committed to fat cell develop-
ment by expressing the C/EBP family of transcrip-
tion factors and may only need signals to activate
these factors and provide for e⁄cient lipid ¢lling.
These results raise the question of what role ITTS
plays if it is not required for the induction of C/
EBPK. After 3 days of culture in DMEM, C/EBPK
declines as shown in Western blots and by day 8 of
culture it cannot be observed. S-V cell cultures exam-
ined immunohistochemically for lipid accumulation
and C/EBPK expression showed similar results. At
day 1 DMEM and ITTS cultures looked the same
with a similar percentage of cells (about 70%) di¡er-
entially stained for C/EBPK. By day 6 the percentage
of di¡erentially staining cells is reduced to 31% for
DMEM cultures while it remains high (67%) for
ITTS cultures at the same level as day 1. This di¡er-
ence was also re£ected in lipid accumulation which,
at day 6, was more pronounced in ITTS cultures
than in DMEM cultures both in amount per cell
and the number of cells showing accumulation.
This result indicates that ITTS, although not re-
quired for inducing expression of C/EBPK, is re-
quired to maintain C/EBPK expression in S-V cells.
Why C/EBPK expression is lost in di¡erentiating cells
we do not know. However, it is not surprising that
C/EBPK would need some factor for continued ex-
pression which is not provided by DMEM. For ex-
ample newly expressed C/EBPK needs to be activated
before it can be e¡ective. This may not take place in
DMEM but insulin, in ITTS, is known to activate C/
EBPK and C/EBPK is known to show self-induction
[20,21]. Thus, a circuit can be set up for the contin-
ued expression of C/EBPK.
The expression of C/EBPL and N over the 6 day
culture period in S-V cells is di¡erent from expres-
sion that occurs in early di¡erentiating 3T3-L1 cells.
During the di¡erentiation program in 3T3-L1 cells
C/EBPL and N are induced before C/EBPK in a tran-
sient wave which is thought to act in a cascade to
induce C/EBPK [1]. Our data show that C/EBPK, L
and N expression in S-V cells rises quickly and is
maximal by day 1 of culture. C/EBPK expression
does not appear after C/EBPL and N as in 3T3-L1
cells but rather at the same time. This di¡erence be-
tween events in 3T3-L1 cells and S-V cells is reason-
able if the expression in S-V cell culture is simply
reestablishment of preexisting conditions in vivo. In
this case the order of expression may not follow the
3T3-L1 developmental model. The levels of C/EBPL
and N after 1 day of culture in de¢ned medium also
remain relatively constant over the 6 days of culture.
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Unlike 3T3-L1 cells there is no signi¢cant induction
followed by a decline. The extended expression of C/
EBPL and N in DMEM and ITTS cultures for 6 days
we cannot explain. DEX treatment for 24 h increases
C/EBPL and N and decreases C/EBPK expression
which is similar to the reciprocal regulation found
in mature 3T3-L1 adipocytes [22]. FBS has a distinct
positive e¡ect on the expression of C/EBPN and a
lesser positive e¡ect on C/EBPL which is the reverse
of its e¡ect on C/EBPK. C/EBPN is expressed at high-
er levels in DMEM cultures than in ITTS cultures.
This is particularly true of the P36C=EBPN isoform
which is largely absent in ITTS cultures. We do
not know why this isoform is expressed in DMEM.
These results indicate that the expression of C/EBPL
and N in S-V cells is very di¡erent from 3T3-L1 cells.
We believe that these di¡erences may re£ect the case
that S-V cells are further along the developmental
path than 3T3-L1 cells and are reestablishing pre-
vious expression of C/EBPK, L and N rather than
inducing these factors in a development program as
in 3T3-L1 cells.
In summary, C/EBPK is expressed early in S-V
cultures and this expression is not dependent on
ITTS. The expression of C/EBPK in DMEM with
no inducers suggests that such expression may have
existed in vivo prior to cell separation. The explan-
ation for the absence of C/EBPK, L and N in freshly
isolated S-V cells is that if S-V cells expressed C/
EBPK, L and N the cell separation procedure would
have reduced C/EBPK, L and N levels in S-V cells.
Although ITTS supplementation of cultures is not
required for C/EBPK, L and N expression it appears
to maintain levels of C/EBPK and promote lipid ¢ll-
ing. Lastly the expression of C/EBPK, L and N to-
gether, the extended expression of C/EBPL and N and
a limited response to DEX suggest that the S-V mod-
el may represent a more progressed level of di¡er-
entiation than the 3T3-L1 model.
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